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the first value for u. Substituting next the first approximations for u and w in the 
right-hand side of Eq. (31.28) gives a linear differential equation in w which after 
integration gives the second approximation for w. This second approximation can 
be used with Eq. (31.27) to get further refined values. This procedure gives the 
formula for the maximum deflection of a circular diaphragm with fixed edges, small 
flexural stiffness, and a Poisson’s ratio of v = 0.25. 
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When the deflection becomes rather large while bending rigidity of the plate is 
small, the following expression can be used: 
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The respective tensile membrane stresses at the center of the plate and at the 
built-in boundary are 
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It may be of interest to note that plate deflection from Eq. (31.30) is not directly 
proportional to the load intensity q but varies as a cube root of this quantity. To 
make the deflections proportional to q , it would be necessary to develop a corrugated 
membrane, as is frequently done in the field of instrumentation. 

Thick plates are seldom used except in the reinforced concrete design, where 
they are generally known as slabs. The design of such structures is governed largely 
by practical experience. Also, for the first approximation their design can be related 
to the theory of short beams. In other applications, the concept of slabs of elastic 
and viscoelastic nature on a horizontal substratum can be found, for example, in 
geological studies dealing with the response of the earth’s cfust to ice loads. The 
mathematical problem in such a case can be based on the theory of beams on an 
elastic foundation and the viscoelastic behavior of materials [132, 179]. 


DESIGN CHARTS FOR LARGE DEFLECTION OF 
PLATES 

The general approach to the study of the effect of large deflections on structural 
design criteria of plates has been described in the foregoing section. A number 
of practical formulas and rules for this purpose have been developed over the past 
50 years. Many of these involve procedures where we begin with an assumed value of 



